23
Molecular dating of Cycnoches 162
Comparison of marginal likelihood estimates (MLE) of tree priors and clock 163 models revealed that an uncorrelated molecular clock combined to a birth-death tree 164 prior with incomplete sampling best fitted our data (MLE of -14244.47; Table 1) . 165
Nevertheless, Bayes factors (BF) clearly rejected the strict clock models (BF = 72, 45, 166 and 40 for all tree priors), but did not provide strong evidence to support an incomplete 167 sampling birth-death model vs a standard birth-death model (BF=1.08; Table 1 ). 168
Analysis of the log file produced by dating analyses under the relaxed clock and tree 169 models are also shown in Table 1 . Overall, they yielded CV values between 0.35 and 170 0.42 (indicating there was among branch rate heterogeneity, which argued for the use ofpresented in Figure 3 (see also Fig. S5 for the 95% confidence intervals) and shows that 176
Influence of Andean orogeny on the biogeography of a Neotropical epiphyte group 201
Our study provides a solid phylogenetic framework, divergence times, and 202 ancestral areas estimation for Cycnoches. Central America has been considered the most 203 likely region of Cycnoches origin, probably because of its locally elevated species 204 richness as compared to other areas in the Neotropics (Romero & Gerlach, in press) . 205
However, this evolutionary scenario is rejected by our analyses, which instead support a 206
South American origin of Cycnoches in the late Miocene (ca. 5 Mya ±2; Fig. 3, Fig.  207 S6). The ancestral area estimated at Cycnoches MRCA largely reflects the current 208 distribution of early diverging lineages such as C. haagii, a species today distributed in 209
Amazonia and the Guiana Shield. Thus, the early diversification of Cycnoches has taken 210 place well after the most intense mountain building events of the Northern and Central 211
Andes ca. 12 and 10 Mya, respectively 7,52-54 . 212
Our results indicate a less important role of the Andes as a biogeographic barrier 213 for the diversification of Cycnoches. Two migrations from Amazonia to Central 214 period when Cycnoches has started to diversify), the Northern Andes of Colombia and 217
Venezuela have already reached elevations up to at least 3000 m (Hoorn et al., 2010) . 218
Moreover, three migrations from Amazonia to Central America and back, respectively, 219 took place ~2 Mya, when the Northern and Central Andes already peaked at a mean 220 elevation of 4000 m (see mean Andean elevation displayed in the inset of Fig. 3 61, 62 . However, to the best of our knowledge, no study 247 has yet reported ancient orchid long-distance dispersal across a geographical barrier 248 such as the Andes. 249
Phylogenetic conflict between nuclear and plastid phylogenies in Cycnoches 251
Our study brings important insights for the species relationships within 252
Cycnoches. Previous phylogenetic studies about Catasetinae have included not more 253 than three species of Cycnoches 42, 43, 45, 46, 50 , hence keeping internal relationships (and 254 corresponding conflicts, see bellow) of the lineages unresolved. Serious phylogenetic 255 incongruence between 'nuc' and 'cp' tree topologies of Catasetinae has been firstly 256 identified by 63 , but a discussion about the respective plausibility of the trees has been 257 remained undone. 258 the particular case of Cycnoches, hybridization might have explanatory power for thenuclear-plastid conflict observed in the clade. Euglossine-bee-pollinated orchids such as 276
Cycnoches produce a blend of volatile compounds, which attracts male Euglossine bees, 277 and pollination takes place while bees collect such compounds produced by specialized 278 tissues in the flower 68 . Species-specific production of floral blends and therefore 279 attraction of a unique set of pollinator(s) has been accounted as an isolative reproductive 280 barrier in Euglossine bee pollinated orchids 41, 69 . Nevertheless, intra-specific variation of 281 fragrances produced by the flower has been reported in several orchid lineages such as 282 Amazonia, which is indicative for a minor effect of the Andean barrier on swan orchids 297 migration. Consequently, our study enlightens the limited role of Andean mountainbuilding on the range evolution and diversification of lowland Neotropical epiphytic 299 lineages. 300
Material and methods 302
Taxon sampling, DNA sequencing and phylogenetic analyses 303 Species names, geographical origins, voucher specimens, and GenBank 304 accession numbers of sequences included in phylogenetic analyses are provided in 305 Table S1 . Our study builds-up upon the DNA data matrices generated by 40, 46, 63 . 306
Genomic DNA was extracted from herbarium and fresh leaf material with the 307
NucleoSpin® plant kit (Macherey-Nagel; Düren, Germany). We amplified and 308 sequenced nuclear (consistently referred as 'nuc' henceforth) ribosomal external and 309 internal transcribed spacers (ETS and ITS, respectively), and a fragment of the Xdh 310 gene. We also sequenced a ~1500 bp fragment of the plastid (referred to as 'cp') gene 311 ycf1, as well as the trnS-trnG intergenic spacer. Amplification and sequencing settings, 312 as well as sequencing primers used for ITS, ETS, Xdh, trnS-trnG, and ycf1 are the same 313 as in 63, 72 (Table S2) . In this study, 84 sequences were newly generated (Table S1) . 314
Loci were aligned separately using MAFFT 7.1 73 . For 'nuc' ribosomal RNA loci 315 and 'cp' trnS-trnG spacer, secondary structure of molecules was taken into account 316 (i.e., the -qINSi option). Congruence between 'nuc' and 'cp' datasets was assessed 317 following Pérez-Escobar et al. 63 and using PACo 74 . The procedure is available as a 318 pipeline (http://www.uv.es/cophylpaco/) and was also employed to identify operational 319 terminal units (OTUs) from the 'cp' dataset that conflicting with the 'nuc' dataset 320 (potential outliers detected by PACo are shown in Figs S1-S2 
81
. Thus, we had to rely on 343 secondary calibrations. In order to obtain the best secondary calibration points possible, 344
we first generated an Orchidaceae-wide fossil-calibrated phylogenies, sampling 316 345 orchid species sampled as evenly as possible along the tree. Loci, number of sequences 346 and settings for absolute age estimation of the Orchidaceae-wide fossil calibrateages obtained were very similar to recent orchid dating studies 82, 83 and the dated 349 phylogeny is shown in Figure S3 . 350 We selected two secondary calibrations for the dating of Cycnoches: (i) the 351 crown group of Catasetinae was set to 19.8 Mya with a standard deviation of 4 to reflect 352 the 95% CI, and (ii) and the root of the Cycnoches tree (i.e., MRCA of Cyrtopodium + 353 Catasetinae) was set to 27.1 Mya with a standard deviation of 6. To explore the clock-354 likeness of the data, we used both strict clock and uncorrelated lognormal clock models, 355 and compared different tree priors (pure-birth, standard birth-death, and incomplete 356 sampling birth-death). For strict molecular clock calibration, we placed a single 357 constraint only at the tree root (27.1 Mya with a standard deviation of 6) using a normal 358 distribution. The best-fitting tree speciation model was selected using Bayes factors 359 calculated from marginal likelihoods computed for every model using the stepping-360 stone sampling 84 (Table 1) . For each clock model, we ran two MCMC analyses with 20 361 million generations each, sampled every 1000 th generation. For the relaxed molecular 362 clock analyses, we estimated the coefficient of variation (CV) to inform us on the rate 363 heterogeneity among branches (CV approaching 0 indicates that a strict clock model 364 cannot be rejected). Parameter convergence was confirmed using TRACER 365 (http://tree.bio.ed.ac.uk/software/tracer/). All dating analyses were performed at the 366 CIPRES Science Gateway computing facility 78 . 367
368

Ancestral area estimations 369
Species ranges of Cycnoches of were coded from the collection site and type 370 locality of the material sequenced, which reflect the distribution ranges for every taxa 371 included in our phylogeny (except by C. chlorochilon and C. pentadactylon, which also 372 occur in Central America and Southeastern South America, respectively; see bellow).
observations, literature 85, 86 and from herbarium specimens (Herbaria AMES, COL, F, 375 M, MO, SEL, US); this information was employed to code outgroup distribution ranges. 376
Biogeographical areas were derived from distribution maps of the orchids under 377 investigation (Fig. S4) Geology 23, 237-240 (1995) . 
